Certain Gram-positive bacteria have the ability to concentrate certain amino-acids in the free state within the cell (Gale, 1947; Taylor, 1947) . Aminoacids may pass across the cell wall either by a process of diffusion, as in the case of lysine which becomes concentrated within the cell by a form of Donnan effect (Najjar & Gale, 1950) , or as a result of an active transfer which requires energy obtained from exergonic metabolism such as fermentation. Glutamic acid does not enter either Staphylococcus aureuw (Micrococcus pyogenes var. aureus) or Streptococcus faecalis unless these organisms are metabolizing glucose, but the mechanism of this 'energylinked' transfer across the cell wall is not yet known. Gale & Mitchell (1947) showed that the concentration of the free amino-acid within the cell is determined by the balance between the rate of passage into the cell and the rate of metabolism within the cell; thus a substance such as crystal violet which inhibits the internal metabolism of glutamic acid in Strep. faecalis increases the steady state concentration of free glutamic acid within the cell, while treatment of the cell with penicillin (Gale & Taylor, 1947) inhibits the passage of glutamic acid into Staph. aureus so that the internal concentration decreases until exhausted by internal metabolic processes. The passage of glutamic acid into Staph. aureus is also inhibited by 8-hydroxyquinoline which appears to act by chelation of a metal essential to the process; deprivation experiments show that the transfer is activated by manganese, although this can be replaced by magnesium in higher concentration (Gale, 1949) . Clifton (1946) has shown that oxidative assimilation ofcarbon substrates in Gram-negative organisms is inhibited by sodium azide or 2:4-dinitrophenol. These, together with arsenate, appear to act by uncoupling the generation of energy-rich phosphate bonds from oxidative processes (Needham & Pillai, 1937; Loomis & Lipmann, 1948; Cross, Taggart, Covo & Green, 1949) . Spiegelman, Kamen & Sussman (1948) have shown that sodium azide prevents the transfer of inorganic phosphate to the organic fraction accompanying the coupled oxidation of glyceraldehyde phosphate. The present communication reports the action of these inhibitors on the accumulation of free glutamic acid within Staph. aureu8 and Strep. faecalis. During the course of the work it became clear that the process involved in the passage of glutamic acid into Staph. aureus has properties and sensitivities to inhibitors different from those of the similar process in Strep. faecalis. This can be correlated with differences previously noted in the quantitative aspect of the internal metabolism of glutamic acid (Gale & Rodwell, 1949) and in the conditions controlling the diffusion of free glutamic acid out of the cells (Gale, 1948 Growth media. The organisms were grown for 16 hr. at 300 in the 'deficient' meedium B previously described (Gale, 1947) . This consists of a salt medium containing 1% glucose, 0-1% marmite and 0-1% (w/v) arginine; for the growth of Strep. faecalis strains pyridoxin, riboflavin -and pantothenic acid were also added. The medium was made up in flasks for Strep. faecali8, and in 150 ml. quantities in Roux bottles to give good aeration for the growth of Staph. aureus. The cells were harvested on the centrifuge and washed once with distilled water. Suspensions were prepared containing approx. 20 mg. dry wt. of cells/ml. in water and these were diluted 1:10 in the reaction solutions for the experiments described below.
E8timation of glutamic acid and its accumulation within the cell. Free glutamic acid was estimated manometrically with glutamic acid decarboxylase preparations (Gale, 1945) . The accumulation of free glutamic acid by the washed cells was studied as previously described (Gale, 1947) by estimation of the glutamic acid content of cell suspensions before and after rupture of the cells by boiling.
RESULTS
Preliminary investigations. Investigations of the inhibitory action of sodium azide on the passage of glutamic acid into bacterial cells were first carried out in parallel on Staph. aureus and Strep. faecalis strains. It was then found that concentrations of sodium azide which caused an inhibition of the passage of glutamic acid into Staph. aureu8 produced a marked increase in the amount of this amino-acid which accumulated under similar experimental conditions inside Strep. faecalis. It became clear that there are at least two processes, first, the passage of glutamic acid from outside to the inside of the cell and, secondly, the metabolism inside the cell after the first process has taken place. It seemed that sodium azide affects the first of these two processes in Staph. aureu8 whereas, in Strep. faecalis, the second process is more sensitive to the action of azide than the first; consequently, an enhanced accumulation of free glutamic acid is found in the latter case but not in the former. Later investigations showed that many of the inhibitors studied have this differential action. Consequently, it is necessary to present separately the results obtained with the two organisms.
Inhibition of the accumulation of glutamic acid in Staphylococcus aureus Sodium azide and 2:4-dinitrophenol. Fig. 1 of this amino-acid into the cell is an energy-linked reaction and only occurs, under the experimental conditions, when fermentation of glucose occurs as source ofenergy. The figure also shows the inhibition of the rate of glucose fermentation, and it can be seen that the passage of glutamate into the cell is markedly more sensitive to inhibition by sodium azide and 2:4-dinitrophenol than the energyproviding fermentation system. In the case of sodium azide, the concentration producing 50 % inhibition is 0-006M for the passage of glutamate and 0-014M for fermentation; the corresponding concentrations for 2:4-dinitrophenol are 0-0004 and 0-02M. The degree of inhibition varies with the pH of the reaction mixture; Fig. 2 shows that the sensitivity of the glutamate-transferring system to dinitrophenol increases 300 times if the pH falls from the usual experimental value of 7-0 to 5-0. Fig. 1 also shows results obtained with sodium fluoride as inhibitor. In this case the accumulation of free glutamate is inhibited to the same extent as the fermentation system, suggesting that impairment of energy provision causes an equivalent inhibition of glutamate transfer. Other inhibitors, whose action is like that of fluoride in this respect, are iodoacetic acid and patulin. Fig. 1 (Gale, 1947) , are incubated for 1 hr. in a buffered salt solution containing 10 ,umol. sodium glutamate/ml. and glucose (1-0%) with and without 0-LM-sodium azide, it is found that the content of free glutamic acid at the end of the incubation may be 300-700 % higher in the cells treated in the presence of azide than in those VoI. 48 treated in its absence. Fig. 3 shows the rate of appearance of free glutamic acid in the cells under these conditions; it can be seen that azide has increased the rate at which the free glutamate accumulates and also the final internal concentration attained. Fig. 4 Fig. 3 ; samples taken at end of 45 min. at 370 for determination of internal free glutamate. Gale & Mitchell (1947) showed that the increase in the internal concentration of free glutamic acid in Strep. faecalis, produced by the presence of crystal violet and other dyes of the triphenylmethane series, was due to an inhibition of the internal metabolismofglutamic acidwithin the cells. Experiments have been carried out with sodium azide similar to those reported with crystal violet, and (Gale & Mitchell, 1947) centration of internal free glutamate found in some cases cannot be due to any autolytic process. Consequently, it is probable that the variations in the internal level in the presence of azide can be explained, as previously postulated (Gale & Mitchell, 1947) , by variations in the rate of internal metabolism of the free glutamic acid.
2:4-Dinitrophenol. The addition of dinitrophenol to the external medium during the accumulation of glutamic acid in the presence of glucose by Strep. faecali8 produces an increase in the internal free glutamate concentration attained (Fig. 4) . At concentrations greater than 0-001 M, dinitrophenol appears to inhibit the passage of the amino-acid into the cell so that the internal concentration again falls. The concentration 0-001M is critical; in some cases it produces an increase in the internal concentration to a value equal to that attained in the presence of 0-01 M-sodium azide, but in other experiments under similar conditions the effect is much less marked, suggesting that partial inhibition of the passage of the amino-acid into the cell is taking place. shows the actions of sodium azide, dinitrophenol and crystal violet on the accumulation of free glutamate in Staph. aureus and Strep. faecali8 exposed to glutamate and glucose. The three substances produce an inhibition of the passage of the aminoacid into Staph. aureus but an increase in the internal e.oncentration attained in Strep. faecatia although, in high concentrations, they appear to have an inhibitory action on the passage of the amino-acid into the cells in this case as well. The latter inhibition can, in the case of crystal violet, be correlated with interference with the energy-supplying fermentation system in Strep.faeeali8 (Gale & Mitchell, 1947) , although this is not the explanation for the inhibition of the passage into Staph. aureu8. The increase in the internal concentration of free glutamate in Strep. faecalis can be ascribed to an inhibition of metabolism of the amino-acid within the cell, and it is interesting to note that concentrations of the three substances which produce optimal inhibition of internal metabolism in Strep. faecali8 are approximately the same as those producing almost complete inhibition of passage into Staph. aureu8. SUMMARY 1. The accumulation of free glutamic acid within Staphylococcu8 aureu8 requires energy supplied, under the experimental conditions used, by the fermentation of glucose. Sodium azide and 2:4-dinitrophenol inhibit the accumulation of free glutamate without inhibiting the fermentation reactions.
2. Sodium arsenate accelerates the rates of fermentation and of glutamate accumulation.
3. Sodium azide and 2:4-dinitrophenol increase the amount of free glutamate accumulating within Streptococcus faecati8 incubated in the presence of glutamic acid and glucose. The effect can be correlated with the inhibition, by these substances, of internal metabolism of glutamic acid in these cells.
4. Concentrations of sodium azide and 2:4-dinitrophenol producing optimal increase in the internal glutamate concentration in Strep. faecali8 are approximately the same as those producing complete inhibition of glutamate accumulation in Staph. aureus.
